Oil is a crucial economic input and Pakistan's growth, production levels, and price levels are affected significantly by oil price volatility. This paper captures the impact of oil price shocks on Pakistan's economy by considering variables such as gross domestic product, the wholesale price index, and largescale manufacturing index. Our analysis is based on vector autoregression and the results are in line with similar studies. We also determine the precise shortterm or long-term impact of oil price volatility on the relevant variables.
Introduction
Oil plays a key role in the development of an economy. As a result of recent shifts in the world energy market, the effects of oil price volatility may have a weaker impact on the economy. In the developed world, the impact of such variations is reduced when economies evolve from being strictly dependent on oil-intensive energy sources to other, more efficient, energy sources. This helps reduce the adverse effects of oil price changes and protects the economy from undesirable shocks.
High oil price volatility has been a long-term feature of the international oil market, where price volatility is not only due to the shortterm disequilibrium of supply and demand, but is also associated with political and behavioral factors beyond the scope of this analysis. This is confirmed by the fact that both oil supply and demand have remained more consistent than price levels in the international economy. Where the developed world has managed to mitigate the effect of such shocks on the economy, nonproducing developing, and underdeveloped countries are still subject to the impact of such fluctuations (Aparna, 2013) .
Oil price volatility increases the cost of energy manufacturing; these increased costs trickle down to other sectors and levels of the economy. The net import of oil results in a considerable net outflow of foreign reserves. This affects the economy in the form of adverse exchange rate movements, declining currency values, falling exports and a weaker trade balance. A considerable fall in the current account also affects the treasury budget negatively, reducing tax revenues and other factors (Bhattacharya & Bhattacharya, 2001; Aparna, 2013) .
The impact of oil price shocks can vary from country to country, depending on various macroeconomic factors. Assessing this impact is particularly important in the case of developing economies such as Pakistan, given the recent decrease in oil prices and ensuing shocks to the economy. Pakistan is an oil-intensive economy and the dependence of both its industry and household productivity and use is linked strongly to international prices. The disparity between production levels and needs is very large. Oil imports constitute 36 percent of Pakistan's total import bill. The International Monetary Fund estimates the value of Pakistan's oil imports at US$ 13.631 billion in 2013. This puts it at number 34 in world rankings for the value of oil imports, where the world's average value of oil imports is US$ 14.94 billion. 1 This pattern of increasing imports is expected to continue, given that no major oil reserves have been discovered while the demand for oil keeps rising. Additionally, there is a substantial disparity between oil production and consumption. The average value of oil production for Pakistan was 52.93 thousand barrels per day with a minimum of 11.2 thousand barrels per day in 1980 and a maximum of 69.26 thousand barrels per day in 2006. This ranks Pakistan at 54 in terms of world oil production.
As Pakistan is a large importer of crude oil, oil price volatility tends to affect most sectors, from energy production and food and agriculture to manufacturing and transportation. This study attempts to capture the impact of oil price changes on Pakistan's economy. The variables selected are based on the literature and optimally explain the impact of oil price volatility on different areas and participants of the economy. GDP and the large-scale manufacturing index (LSMI) are used to measure the impact of a change in oil prices on economic growth and production. The wholesale price index (WPI) estimates the impact on the price level in the economy.
The study adds value to the literature because it uses a vector autoregression (VAR) model to investigate the impact of oil prices on Pakistan's economy.
Literature Review
Empirical studies on oil prices go back to the mid-1970s when the supply embargo by OPEC suddenly pushed up oil prices, triggering a global recession. Earlier studies, such as Tatom (1977, 1981) , Derby (1982) , and Gisser and Goodwin (1986) , did not determine the causal relationship between the recession and preceding oil price hikes, but pointed out the negative relationship between oil price increments and real GDP. Hamilton (1983 Hamilton ( , 1985 Hamilton ( , 1996 , using a series of VAR models, determines that, after the Second World War, almost all the recessions in the US economy were preceded by oil price increments that had a positive impact on wages and the general price level. Burbidge and Harrison (1984) add another dimension to the literature by concluding that the impact of changes in oil prices on these macroeconomic variables differs by country, even among developed economies.
The choice of variables used to assess the impact of oil price volatility also differs. Ito (2010) investigates the impact of oil price shocks on the Russian economy and exchange rate, using a VAR model to capture the relationship. The empirical results indicate that an increase in oil prices causes depreciation in the exchange rate and GDP, but the impact of such a shock results in a marginal positive increment in general prices. Dias (2013) investigates the impact of oil prices on the Portuguese economy in terms of GDP, employment, and inflation. His empirical analysis relies on a VAR model and yields similar results to the studies cited above: oil price changes have a negative relationship with GDP and employment, but a positive impact on inflation. Saghaian (2010) looks at the impact of oil prices on commodity prices to determine whether the variables have a causal relationship or are just strongly correlated. The results are mixed: the findings confirm a strong correlation between oil prices and commodity prices, but no conclusive evidence of a causal relationship. Some studies yield similar findings for different regions of the world. Berument, Ceylan, and Dogan (2010) investigate the impact of oil price shocks on the MENA countries (excluding Saudi Arabia) in terms of output. They use a VAR model to analyze the impact of oil prices; the results of the impulse analysis show that oil prices have a positive impact on the economy in all the countries studied, barring a few for which the results are not statistically significant. Papapetrou (2001) assesses the impact of oil price changes on the Greek economy, using a regime switch model and threshold regression model. She finds a high negative correlation between oil prices and economic activity in the presence of high oil price volatility.
A cross-country analysis by Cologni and Manera (2008) analyzes the impact of oil prices on the G-7 countries, using a co-integrated VAR model. The study focuses on the impact of oil price shocks on output, the general price level, and Monterrey variables. The results show that unexpected oil price changes affect the interest rate, where governments have tried to counter inflation through contradictory monetary policy responses. The rise in the interest rate, pushed up by oil price shocks, is transmitted to the real economy, reducing output and inflation. Other studies have tried to deepen their analyses by determining the nonlinear relationship between oil prices and different macroeconomic variables (see Lee, Ni, & Ratti, 1995; Hamilton, 2003 Hamilton, , 2011 and by capturing the asymmetric impact of oil price volatility (see Hooker, 2002) .
This study is similar to Aparna (2013) in that we consider the effect of oil prices on the WPI, GDP and industrial production index, which serve as proxies for prices, growth, and production, respectively. Since no direct causal relationship is established between the variables, we employ a VAR model. The results confirm that a positive change in oil prices has a positive effect on the WPI and an immediate negative impact on GDP and production. Our findings also confirm that, when the oil price shock enters the system, it takes around ten quarters in the case of GDP and industrial production to return to their original values; the WPI returns to its original value immediately.
Data and Methodology
This section describes the data and method used to assess the impact of oil price volatility in Pakistan.
Data
We use annual data for the period 1982/83 to 2012/13. Annual GDP is measured over June to May of the financial year. The data is taken from the State Bank of Pakistan's Research Bulletin for 2013. The crude oil (petroleum) price is a simple average of three spot prices -the Dated Brent, the West Texas Intermediate, and the Dubai Fateh -and is given in PRs per barrel as an annual average.
The data on the WPI is taken from the Pakistan Bureau of Statistics. The index is designed to measure the direction of prices of selected items in wholesale primary markets. The dataset covers 21 city markets and its basket of goods includes 463 items divided into five categories. The base year is 2004/05 and the index is calculated according to the Laspeyres formula.
The manufacturing index is divided into the small industries index and the LSMI. We use the latter because it includes those sectors that are most affected by oil price volatility and which account for a major share of the country's exports and current account balance. The Census of Manufacturing Industries was used to develop new weights for the quantum index of manufacturing. The base year of the data is 1980/81 and 106 items were used to calculate the indices.
Unit Root Tests for Variables
Given that the data series is not stationary and the log of normal values is considered, we cannot determine a causal relationship between the variables using the standard t-test and F-test. In this situation, employing a VAR model helps analyze dynamic macroeconomic timeseries data. The augmented Dickey-Fuller test is applied to each variable to determine the presence of a unit root (Tables A1 to A4 in the Appendix).
Econometric Model and Hypothesis
It can be difficult to interpret the coefficients obtained from a VAR model and use it to make predictions -the model is, nonetheless, useful for studying business cycles and the economic impact of oil price shocks because it enables us to draw policy recommendations from the results obtained. Each variable is considered endogenous and estimated using past values of the dependent variable and other variables in the model. Next, we calculate the coefficients to forecast estimates. To do so, we must select the number of lagged terms, as including too many lags can lead to multicollinearity and the loss of useful observations. Accordingly, we restrict the number of lagged terms to two periods. The econometric model is given below:
where, in equation (2), the time series vector is n x 1 and in equation (3), the coefficient matrices are n x n.
Our proposed hypothesis is that there is a significant relationship between oil price changes, GDP, the LSMI, and the WPI. Table 1 gives the estimates yielded by the VAR model. The Akaike and Schwarz statistics indicate the goodness of fit and help determine the number of lagged terms: the lower the critical values, the better will be the model fit. The value of both statistics in our model seems very high, but this criterion is not absolute since the statistics only make sense when compared to another model with a slight variation in the explanatory variables. The f-statistic is not very high, which allows us to reasonably assert that, collectively, all the terms are statistically significant.
Results
The model for the first lag shows that a one-percent increase leads the WPI to rise 5.51224 times. This confirms that an increase in oil prices leads to an increase in the general wholesale price of the commodities included in the basket. In the second-lag model, the prices go down as the lagged value of the WPI also falls.
A one-percent increase in the value of the LSMI is associated with a positive impact on the price of oil (by 0.012447 times). In the second lag, the LSMI decreases with a negative impact on oil prices. This confirms that oil prices have a negative impact on the quantum index of large-scale industries and thus on production. As prices go down, the system recovers. Finally, a one-percent increase in oil prices leads to a 0.000373time increase in GDP in the first lag. As oil prices fall slightly in the second lag, so does GDP.
Conclusion
The study provides important insights into the impact of oil price shocks on the economy. We find that the economic system has a memory and that price volatility has a negative impact on GDP and the LSMI, and a positive relationship with the WPI. Price volatility has a greater shortterm impact than a long-term impact on GDP and the WPI -a one-year period in this case (one-period lagged value). In the case of the LSMI, the impact of price volatility is more severe in the long term (two-period lagged values).
This empirical analysis allows us to predict the long-term relationship between the relevant variables. However, one limitation of the study is that the available data is annual (from 1982 to 2013) . Future studies could use quarterly data to obtain a more precise short-term impact of oil price shocks on these variables. 
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